Abstract-The purpose of this study is to investigate relationship of fifth, sixth, seventh and eighth grade students' scientific epistemological beliefs with their frequency of participating in laboratory activities. For this purpose, correlational study method was used. Sample of the study involved 301 students purposively selected from convenient schools. The data of the study was collected by a Likert type scale called -Scientific Epistemological Beliefs Scale‖ and information form about frequency of participating in laboratory activities and description of sample laboratory activities. The findings showed that majority of the students never participated in lab activities or participated in one time during one year. Also the fifth, sixth, seventh and eighth grade students' scientific epistemological beliefs were significantly related to their frequency of participating in laboratory activities. They are positively correlated to each other. However there were no significant relationships between the students' scientific epistemological beliefs and their frequency of participating in laboratory activities. Hence it can be claimed that participating in lab activities is associated with development of sophisticated scientific epistemological beliefs.
I. INTRODUCTION
Epistemology as a term refers to the field involving definition of the knowledge, ways of knowledge production and ways of knowing (1) . Epistemological beliefs involve individuals' beliefs about nature of knowledge and ways of knowing (2) . For defining epistemological beliefs of individuals, different explanations were developed in the literature (2, 3, 4) . Perry defined epistemological beliefs as individuals' views regarding definition of knowledge, ways of knowledge gain, certainty of knowledge and verification of knowledge (3) . Then Hofer made a definition but his definition limits epistemological beliefs to the beliefs about knowledge and knowing (5) . However Hammer and Elby thought that beliefs about learning are part of epistemological beliefs and so they defined epistemological beliefs as beliefs about nature of knowing and learning (6) . Actually Schommer provided a comprehensive definition and she also tested her definition by her instrument (Epistemological Beliefs Questionnaire) (4). Schommer's definition involves beliefs about nature of knowing, knowledge and learning. Previous studies using Schommer's instrument showed that epistemological beliefs of the students are associated with self-regulated learning strategy use (7), personal achievement goals (8) , and academic achievement (9) . Hence the epistemological beliefs of students should be considered in instructional planning. Tsai found that the students with sophisticated epistemological beliefs made frequent discussions and shares in group studies and preferred more free and student centered learning environments (10) . Also Tsai found that that the students with sophisticated epistemological beliefs learned more than the students with traditional epistemological beliefs in teaching by science-technology-society issues (11) .
Individuals with sophisticated epistemological beliefs believe that, knowledge is affected by the context hence it is a requirement to consider context for deciding on falseness or trueness of knowledge. Moreover they believe complex nature of knowledge with associated components and construction of knowledge by individuals via reason, data and evidence. In addition they treat learning ability as a changeable ability and learning as a changing characteristic with personal struggle (12) . Hofer and Pintrich mentioned three characteristics of epistemological beliefs.
1. Epistemological beliefs are developmental. 2. Epistemological beliefs are accepted as a form of belief system and they are associated with learning. 3. Epistemological beliefs might be defined as theories or epistemological resources of an individual about knowledge and knowing. These theories and resources affect learning in certain contexts (2) .
In the last 20 years, educational studies about epistemological beliefs were increased due to its close relationship with learning and teaching (2) . William Perry initiated studies on epistemological beliefs and Perry created a model for explaining individuals' beliefs about -nature of knowledge‖ and -source of knowledge‖, and their perceptions about themselves as learner and knower (13) . Then Perry investigated development of the beliefs of college students. In following years Belenky, Clinchy, Goldberger and Tarule looked the problem about epistemological beliefs from gender perspective (14) . They established the model of Women's Ways of Knowing and they investigated difference between beliefs of women and men about knowing and learning. Then Schommer-Aikins criticized existent models of epistemological beliefs and she suggested a multidimensional system for epistemological beliefs and made emphasis on importance of beliefs about knowledge and learning (4) . She also claimed existence of partially independent epistemological beliefs and suggested fivedimension model of epistemological beliefs system. Khun's Argumentative Reasoning Model (15) and Kuhn's Model of Intellectual Values (16) changed the previous perspectives on epistemological beliefs. In these models critical thinking and argumentation were added into the models to explain epistemological beliefs in action. The studies using the models summarized above showed importance of epistemological beliefs for teaching and learning. Especially studies in the field of science education represented association of epistemological beliefs (scientific epistemological beliefs) with learning environment preference, attitude towards science, science achievement and learning motivation (9, 17, 11, 18, 19) .
Actually epistemological beliefs are both domain domain-dependent and domain-general (20, 21) . However domain-dependent epistemological beliefs have a direct effect on learning while domain-general epistemological beliefs have indirect effects on learning (22) . Based on domain-dependent nature of epistemological beliefs, some of the researchers (23) considered scientific epistemological beliefs as a research area. They used Schommer's model as a frame of their study (4) . The researchers found four-dimensional structure of scientific epistemological beliefs. These dimensions involved certainty, verification, improvement and resource. The certain ty dimensio n is ab o ut b eliefs r egarding tentativeness of knowledge while the resource dimension is related to beliefs about acceptance of authority, scientists, and books as knowledge resources or rejecting them. The improvement dimension is about beliefs regarding change in learning ability over time while the verification dimension involves beliefs about usage of experiment for verifying conclusions or usage of other ways (23) . Even though many different studies have been conducted about these dimensions these studies have stayed in the descriptive level (9, 24, 25) . However there is a need to investigate effect of different knowledge production contexts on scientific epistemological beliefs. As a knowledge production context, science lab activities might be related to development of scientific epistemological beliefs of students. Since their beliefs regarding scientific knowledge and science are shaped by these activities (26, 27, 28) or preferences for making lab activities are shaped scientific epistemological beliefs (29) . In spite of importance of lab activities in knowledge production and development of epistemological beliefs, the relationship between frequency of participating in laboratory activities by which knowledge production is experienced, and scientific epistemological beliefs have not been studied enough. It is a requirement to investigate the relationship since Tsai found that students with sophisticated epistemological beliefs had preference to learn by constructivist processes and they were more active in making explanations and commenting during laboratory activities (10) . At the same time it was observed that these students learned meaningfully scientific concepts represented in lab. Moreover Kang and Wallace pointed out those epistemological beliefs of science teachers were reasons for not choosing and applying laboratory activities in their teaching (29) . The studies summarized above gave evidence for potential relationship of frequency of participating in laboratory activities with scientific epistemological beliefs, but it is still not direct evidence to investigate the relationship. Hence there is not enough study considering the laboratory as a knowledge production place (30, 31, 32) and investigating directly the relationship of frequency of participating in laboratory activities with scientific epistemological beliefs. Laboratory activities provide the best way to study on learning nature of science and scientific processes (26, 27, 28) . As a result, the purpose of this study is to investigate relationship of sixth, seventh and eighth grade students' scientific epistemological beliefs with their frequency of participating in laboratory activities.
II. METHOD
In this study correlational research method was preferred. The data of the study was analyzed by using Spearman Rho correlation and classification of examples regarding lab activities. A total of 301 (152 females, 149 males) participated in the study. To prevent loss of time, money and effort, convenient sampling method was chosen (33 When looked at table 1, it is observed that most of the participants involved 7 th and 8 th grade students while the least number of the participants was from 5 th grade students. Rate of male students to female students was very close to each other. At the same time majority of the parents were high school and university graduates. As another important descriptive data, frequency of no participation in lab activities was the highest value among the participants. Very few number of the participant went for lab activities more than 14 times.
A. Measurement Instruments
In this study, personal characteristics and scientific epistemological beliefs of the students were determined by using personal information question form and scientific epistemological beliefs scale. The scientific epistemological beliefs scale was originally developed by Conley, Pintrich, Vekiri and Harrison (23) for a group of 5 th grade students and the adaptation of the scale into Turkish was done by Kurt (34) . The scale is consisted of 26 Likert type items with five options. The frequency of the students' participation in lab activities was determined by a questionnaire having items asking number of participating in lab activities -in a year up to current time‖ and also 5 examples for their lab activities were also asked. In table 2 the question about the examples to lab activities is represented. The items and Likert scaling of the scientific epistemological beliefs scale are represented in table 3.
By using original items of the scientific epistemological belief, validity and reliability studies were done for the sample of this study. In the scale, there were four dimensions: Verification, improvement, certainty and resource. To check this factorial structure, confirmatory factor analysis was done. In the analysis two sets of indexes were used, they were fit indexes and non-fit indexes. As fit indexes, CFI, GFI and CMIN/DF ratio were considered while RMSEA were considered as non-fit index. The results associated with confirmatory factor analysis are in Table 4 represented that CFI and GFI values are 0.90 and 0.85 respectively and they are acceptable values for confirming previous factorial structure. Moreover RMSEA value was 0.05 and this was also acceptable (35) . Results of reliability analysis can be seen in table 5. Table 7 showed that means of the scores regarding the scale and its dimensions are close to each other. However 4 or more point on the scales is required to say that individuals have sophisticated scientific epistemological beliefs. According to table 7, mean value of total scores of the participants is below 4 hence it cannot be said that the students have sophisticated scientific epistemological beliefs in general. When the dimensions are taken into consideration separately it is observed that the students are not sufficient enough to have sophisticated epistemological beliefs about the dimensions. For the third set of findings, possible correlation between scientific epistemological beliefs and frequency of the participation in the lab activities was analyzed. For this purpose Spearman rho correlation was used and Bonferroni adjustment for holding Type I error rate constant was done (0.05/5=0.01). The results on the correlational analysis are represented in table 8. The results showed that there was a statistically significant positive correlation between total score on scientific epistemological beliefs and frequency of the participation in lab activities (p<0.01). This correlation means that when frequency of the participation in lab activities is increased number of sophisticated scientific epistemological beliefs of the students is also increased, or vice versa.
IV. DISCUSSION AND SUGGESTIONS
Based on the findings of this study, it is seen that middle school students do not have sophisticated scientific epistemological beliefs. This finding supports the previous studies' findings. Boz, Aydemir and Aydemir's investigated scientific epistemological beliefs of 4 th , 6 th and 8 th grade students by using Conley et al's instrument (36) . They found unsophisticated scientific epistemological beliefs of the students about verification, improvement and resource dimensions. Again Sadıç, Çam and Topç u conducted a study with 160 4 th , 6th and 8 th grade students and the results showed that they did not have sophisticated beliefs about ‗resource of knowledge' dimension (37). One year later Yeşilyurt made a research and their findings showed that 7 th and 8 th grade students (n=324) were not sophisticated about the dimensions of scientific epistemological beliefs except for verification dimension (25) . Hence it can be said that the findings of this study supported the literature.
The other finding of this research shows that there is a positive statistically significant relationship between frequency of participating in laboratory activities and scientific epistemological beliefs. Meaning of the relationship is two-sided that sophisticated scientific epistemological beliefs leads to preference to participate frequently in lab activities or preference to participate frequently in lab activities leads to development of sophisticated scientific epistemological beliefs. This situation needs a further regression analysis. However some previous studies focused on this issue. Tsai showed that students choosing epistemologically more constructivist learning environments are more active in lab studies (10) . Qualitative findings of the researcher also explained that the students choosing epistemologically more constructivist learning environments see lab activities as knowledge production process. Actually laboratories provide the best environment to learn about nature of science and scientific processes (26, 27, 28) . Some of the studies show that changing epistemological aspects of laboratory activities affect the process experienced by the students (38, 39) . In his study Dumbar changed the goal of the lab activities from routine verification goal to explanation goal (38) . He found that the students studying to make explanations in lab activities made more systematic investigations. This situation shows that changes in epistemological nature of laboratory experiences also changes quality of lab activities in terms of teaching. Schauble et al. supported this idea that explaining scientific goals of the experiments to 5 th grade students helped them design better qualified experiments (39) . These results from the literature showed that participating in laboratory activities is associated with scientific epistemological beliefs. However nature of the relationship should be investigated by using path analysis or regression methods.
Despite the value of the results obtained in this study there are some important limitations. The limitations are low number of participants, use of non-parametric statistics and acceptance of students' self-reports about lab activities as data. Based on these limitations it can be suggested that random sampling should be done in future studies. Following this sampling parametric statistical techniques involving path analysis or regression should be applied. Also the study can be re-conducted in a longitudinal manner. At the same time during the laboratory activities the researchers can observe the nature of the activities and then classify them for further analysis.
